Observers exhibit larger leftward bias when bisecting words compared with lines. According to the Attentional Scaling Hypothesis, attempting to access lexical entries involves focusing attention on the initial letters of words to establish a cohort of potential matches with entries in the mental lexicon. We test this account by examining two predictions: (1) greater leftward bias for words should be evident in English readers in which the word beginning is on the left but not in Hebrew readers. (2) Dyslexics who have lexical impairments should show greater bias. Results reveal that word length modulated bisection bias differently for Hebrew and English readers, although the bias stays always leftward. Furthermore, dyslexics exhibited an exaggerated leftward bias than controls. We propose this effect arises from an interaction between reading and spatial attention rather than from the scaling of attention relative to the beginning of the word in the service of lexical access.
Introduction
When participants are required to bisect a line, they typically do so slightly to the left of the true center, demonstrating what has come to be termed 'pseudoneglect' (Bowers & Heilman, 1980) . Pseudoneglect is thought to reflect stronger activation of the right hemisphere (RH) than the left hemisphere (LH) in response to the visuospatial nature of the line bisection task (Bowers & Heilman, 1980; Kinsbourne, 1970) . Interestingly, there are several factors that can modulate line bisection such as the hand used for the bisection (Jewell & McCourt, 2000) , the manner of bisection such as paper and pencil versus computerized tests (Dellatolas, Vanluchene, & Coutin, 1996) as well as reading direction (Chokron & Imbert, 1993; Fagard & Dahmen, 2003; Gabay, Gabay, Schiff, Ashkenazi, & Henik, 2013) . Several studies have demonstrated that participants also exhibit a leftward bias while bisecting words but, interestingly, this leftward bias is even greater in magnitude than the leftward line-bisection bias (Arduino, Previtali, & Girelli, 2010; Fischer, 1996; Fischer, 2000a Fischer, , 2000b Fischer, , 2004 ). This enhanced leftward bias for word bisection is replicable across a host of conditions and has been documented in the context of both paper and pencil bisection tasks as well as in a computerized version of the bisection task. Furthermore, the enhanced leftward bias is evident across different word classes (nouns, adjectives and verbs) and across different languages such as German and English (Fischer, 2000a) . Finally, this bias emerges regardless of the font type or the font size in which the words are presented (Fischer, 2004) , and is independent of the requirement to read the stimulus aloud (Fischer, 2000a ).
Support for an attentional account of the leftward word-bisection bias
To account for the robustness and widespread manifestation of the leftward bias on word-bisection results as well as the disproportionate bias relative to line bisection, Fischer (1996) proposed the Attentional Scaling Hypothesis. On this account, the leftward bias in word-bisection reflects the participant's attempts to access the mental lexicon. Lexical access is often conceived as starting from the beginning of the word and progressing toward its end (Marslen-Wilson, 1987) . Thus, the attempts to access the lexical item may involve increased attentional focusing on the initial letters of a word to establish a cohort of potential matches with entries in the mental lexicon. Consistent with this idea, the analysis of eye movements during reading reveals that readers fixate on a location to the left of true center when first looking at a new word and also tend to shift fixations further to the left of the midpoint as word length increases (O'Regan, 1990; Rayner, 1979) . The critical role of word initial letters is well established, and the initials letters are recognized even when the word beginning is presented parafoveally (White, Johnson, Liversedge, & Rayner, 2008) . The unintended consequence of this hypothesized attentional strategy for lexical access is that there is overrepresentation of the initial part of the word relative to its actual physical extent, and this results in systematic leftward bias when bisecting words (Fischer, 2004) .
Considerable empirical evidence from bisection studies is also compatible with this Attentional Scaling Hypothesis. First, the misperception of the word center is reported for different types of orthographic stimuli (words, pseudowords, and symbol strings), but not for non-alphabetic stimuli such as bars, dashes, or boxes (Fischer, 2000b) . Also, the enhanced leftward bias is abolished for letter string bisection, indicating that, in the absence of lexical and phonological information, there is no leftward scaling (Fischer, 1996; Exp. 5) . Second, bisection errors tend to increase with the length of the stimuli (Arduino et al., 2010; Fischer, 2004) although, of note, it is the number of characters in a word and not the physical extent of the stimuli that determines the size of the error (Fischer (2000b) . This perceptual length sensitivity occurs for bisection of orthographic stimuli but not for bisection of lines indicating that the former undergoes additional processing. This is consistent with the idea that it is higher cognitive processes (lexical access) rather than physical properties of the stimulus per se that determine performance in bisection. Third, the word bisection bias differs as a function of one's linguistic skill: for example, bisection differs when the bisection task is performed on words in one's second language, compared with words from one's native tongue. That is, when Hebrew-American bilinguals bisected words in their second language (i.e. bisected English words) they revealed a stronger leftward bias (perhaps indicating increased difficulty in lexical access) compared with native readers (Fischer, 1996; Exp. 6 ). This result is compatible with the claim that extent of lexical access affects the strength of the bias.
Finally, the enhanced leftward bisection for words appears to be strongly dependent on the structure of the orthographic input. For example, and Lee, Kim et al. (2004) asked both healthy and neurologically impaired participants to bisect either long strings of letters from the Korean alphabet (letter-line bisection), nonlinguistic symbols (star line bisection) or solid lines. Specifically for both the letter and star line bisection tasks, participants were first instructed which character to find, then to identify an exemplar of the target letter, and, thereafter, to determine the midpoint of the linear array. Under these conditions, in the absence of real words, a rightward bias was observed for letter and star lines compared with solid lines. This same result was replicated in a further study conducted on both younger and older healthy participants Lee, Kim et al., 2004) (for related results, see Mohr & Leonards, 2007) . These authors suggested that the stronger rightward bias observed for letter lines may arise from left hemisphere activation due to (1) verbal information associated with individual letters and (2) local attention to letters as compared to global attention to lines.
As evident from the brief review above, there are at least two conflicting accounts having to do with spatial bias in line and word bisection. According to the hemispheric activation account (Bowers & Heilman, 1980; Kinsbourne, 1970) , the leftward attentional bias observed during bisection tasks (pseudoneglect) arises from a stronger activation of the right than left hemisphere in response to the visuospatial aspects of the task. Accordingly, people who suffer from left-sided neglect exhibit a rightward bias as the intact left hemisphere shifts attention toward the contralateral, right hemispace (Reuter-Lorenz, Kinsbourne, & Moscovitch, 1990) . By extension, this account would explain the leftward bias for bisecting words in the same way -it is the spatial pattern rather than the content per se that shifts the center to the left. This account, however, does not articulate an obvious mechanism for explaining the greater leftward bias for words over lines and thus, does not fully account for the data. The Attentional Scaling hypothesis, on the other hand, specifically addresses this word/line discrepancy and suggests that the enhanced word bisection bias reflects the participant's attempts to access the mental lexicon and the increased attentional activation associated with this process. The unintended consequence of this hypothesized attentional strategy for lexical access is that there is over-representation of the initial part of the word relative to its actual physical extent, resulting in systematic leftward bias when bisecting words (Fischer, 2004) .
The current study
Here, we test several predictions of the Attentional Scaling Hypothesis. The first prediction is that, if the leftward bias for words arises as a result of lexical activation for the informative beginning of words, the leftward bias should only be evident for readers of languages where the word beginning is on the left (as in English) but not for readers of languages where the word beginning is on the right (Hebrew readers). To evaluate this, we compared the bisection performance of native Hebrew and English speakers on lines and words in their native orthography. If the Attentional Scaling Hypothesis holds, we would expect to see greater leftward bias for words than lines in English readers but greater rightward bias for words than lines in Hebrew readers. As an intermediate condition, we also included pseudowords in each language with the expectation that the bisection bias for these trials should be in the same direction as for words if the source of the bias is lexical albeit not as large. The second prediction concerns the impact of lexical access on the leftward word bisection bias; specifically, the Attentional Scaling Hypothesis predicts that individuals who have difficulties in lexical access and reading, such as those with developmental dyslexia (DD), might reveal even greater word bisection bias than in controls reflecting the additional effort required to activate lexical representations.
Third, the Attentional Scaling Hypothesis predicts that word bisection should be affected by the frequency of occurrence of the word. High frequency words are accessed faster than low frequency words (Morton, 1969) and are fixated for a shorter time in reading compared with low frequency words (Rayner, 1977) . Thus, the Attentional Scaling Hypothesis would predict greater leftward bias when lexical access is more demanding as in the case of low frequency words (Raney & Rayner, 1995) . Moreover, this pattern might potentially be disproportionately exaggerated in DD readers, in whom lexical access is disrupted and greater effort is required to activate lexical representations, relative to typical readers.
Bisection performance in developmental dyslexia
Thus far, the focus has been on lexical access as key in provoking the leftward bias for word bisection in both normal readers and DD readers. It is the case, however, that DD might not only be a consequence of difficulties in lexical access (largely resulting from problems in phonological processing) but might also reflect difficulties in spatial attention. As such, alterations in line bisection in these individuals might result from one or more than one underlying mechanisms.
The evidence for spatial attention problems in DD comes largely from the Magnocellular Theory, which asserts that the magnocellular pathway is selectively disrupted in individuals with DD, leading to visual/auditory perceptual deficits as well as difficulties in visuospatial attention via the posterior parietal cortex (Vidyasagar & Pammer, 2010) . The causal link between spatial attention and reading abilities has been demonstrated by a longitudinal study (Franceschini, Gori, Ruffino, Pedrolli, & Facoetti, 2012) and by a remediation study in which action video games have been found to improve reading among dyslexics by improving individuals' attentional abilities (Franceschini et al., 2013) . Additional evidence for the link among attention, the magnocellular-dorsal pathway and reading has been demonstrated also by others , 2015 Gori et al., 2015; Vidyasagar, 2013) . Indeed, studies using line bisection with DD individuals have been conducted to assess the spatial bias but the findings from these studies are inconsistent. Whereas one study demonstrated an exaggerated rightward bias during line bisection tasks among DD participants, a pattern that was attributed to under functioning of the right hemisphere (Sireteanu, Goertz, Bachert, & Wandert, 2005) , other studies have reported a slight leftward bias under similar conditions (Gabay et al., 2013; Polikoff, Evans, & Legg, 1995) . No study has examined word bisection in DD and we do so here.
Experiment 1
In this first study, we start by comparing the word-and linebisection bias in typical English and Hebrew readers.
Method

Participants
Two groups of normal readers were included, one comprising 15 native English readers and the other 15 native Hebrew readers. The study was approved by the Institutional Review Board at Carnegie Mellon University and by the ethics committee of the BenGurion University of the Negev. Participants were paid for their participation or received course credit. All participants had normal or corrected-to-normal visual acuity. The English readers (8M, 7F), were right-handed university students in Pittsburgh and all provided written informed consent. No participant self-reported signs of sensory or neurological deficits nor learning disabilities on questioning. The Hebrew readers were fifteen right-handed university students (9M, 6F) and all gave written informed consent. All participants were native Hebrew speakers and none reported signs of sensory or neurological deficits or learning disabilities. The mean age of the readers was 20.8, SD = 2.67 for the English group and 23.73, SD = 2.08 for the Hebrew group.
Stimuli
A set of 40 words previously used by Gilhooly and Logie (1980) , selected based on frequency comprised the English word stimuli (on a scale ranging from 1 to 7; 1 = low frequency, 7 = high frequency). Half the words were of high frequency, average = 6.13, while the other half was low frequency, average = 4.15). Word length was orthogonally crossed with frequency, with half the words being relatively short (5-6 characters) and the remaining half longer (7-8 characters). Pseudowords were created by changing 1-2 letters of each of the English words and in most cases, 2 letters were changed (e.g. exterior-axteriol). Pseudowords and words were matched for number of letters, syllables and orthographic structure. Finally, 40 lines were generated matching each individual word and pseudo word for length (e.g., mother-_____). Thus, there was a matched triplet of a word, pseudo word and line, all sharing the same length.
A set of 40 Hebrew words was taken from Henik, Rubinstein, and Anaki (2005) . Note that the norms in Henik et al. (2005) were developed to parallel those of Gilhooly and Logie (1980) and thus, the frequency for both the English and the Hebrew words had the same scale for word frequency (1 = low frequency, 7 = high frequency). Word length was orthogonally crossed with frequency, with half the words being relatively short (5-6 characters) and the remaining half longer (7-8 characters). As was true for the English stimuli, the Hebrew words were selected by frequency, with half of the set being high-and the other half low in frequency. Pseudowords were created by changing 1-2 letters from the set of words with most of the words having 2 letters changed (e.g.
). Finally, 40 lines were generated matching each single word and pseudo word for length (e.g., ‫מ‬ ‫ק‬ ‫ו‬ ‫ל‬ ‫ק‬ ‫ל‬ -_____). As with the English words, there was a triplet consisting of a word, its derived pseudoword and a line, all of which were of equal length.
Task and procedure
We followed the procedure by Arduino et al. (2010) . Participants were individually tested in a quiet, dark room. They sat approximately 55 cm from a computer screen. Each trial began with the presentation of a stimulus followed, after 300 ms, by the appearance of the mouse cursor. The mouse cursor was a vertical rectangle 0.9°(visual angel) high and 0.5°wide. It appeared along the central axis of the screen at a fixed distance of 0.3°under the stimulus, and it moved only horizontally. Each stimulus appeared at a randomly chosen screen location, with the limitation that there were at least 50 pixels between each side of the stimulus and the monitor frame. In particular, for each stimulus category, the stimuli appeared with the same frequency in the four quadrants (upper-left, bottom-left, upper-right, bottom-right) of the screen in a random location within each quadrant. The pseudorandom order of the stimuli positions was different for each subject. Letters were presented in uppercase using 45-point Lucida Console font. All stimuli were shown in black font on a white background. The task required participants to estimate the midpoint of each stimulus by positioning the cursor underneath the stimulus and pressing the mouse button. Response accuracy was recorded to the nearest pixel and the latency between presentation of the stimulus and response production was also logged. The stimulus disappeared after 3 s and the inter-trial interval was 1000 ms. Trials that were timed-out were repeated later in the block.
Results
Bisection performance was calculated by subtracting the distance between the cursor position and the objective center of the stimulus with errors to the left of the midpoint given a negative value and errors to the right given a positive value. Similar to Arduino et al. (2010) , bisection judgments that exceeded ±2.5 SD from the mean bias for each length were considered random errors and excluded from the analysis. Similarly, response latencies beyond 2.5 SD from the mean were considered lapses of attention and excluded from further analyses. Average bisection performance was determined in pixels for each subject and submitted to multiple analyses. As evident below, we first compared bisection distance for words, pseudowords and lines as a function of reader group (English, Hebrew). Then, we tested bisection performance for each stimulus type against zero. Following that, we examined the contribution of word frequency to word bisection performance for both readers groups (frequency is not crossed with stimulus condition (neither pseudowords nor lines are subject to this manipulation) and so this secondary analysis includes only words).
ANOVA was conducted on the accuracy of bisection performance with group (English vs. Hebrew readers) as a betweensubjects factor and stimulus type (words, pseudowords, and lines) and length (short vs. long) as within-subject factors. The results are presented in Fig. 1 . The main effect of group was not significant F < 1 indicating that the bisection bias was equivalent for the two groups of readers. There was a significant main effect of stimulus type, [F(2, 56) The average bisection performance was À1.33 pixels (SD = 2.17) for words, À0.78 (SD = 2.53) for pseudowords and 0.56 (SD = 2.92) for lines. Performance differed significantly from accurate bisection for words i.e. absolute midpoint of 0, t(29) = À3.36, p < .05, but not for pseudowords, t(29) = À1.73, p = .09, and not at all for lines, t(29) = 1.06, p = .29. Note that, although the magnitude of the effects appear small, these are roughly of the same magnitude as previous findings (Arduino et al., 2010) .
To explore the effect of word frequency on word bisection performance, we conducted an ANOVA using accuracy of bisection as the dependent measure with Group (English vs Hebrew readers) as a between-subjects factor and word Frequency (high, low) as well as length (short vs. long words) as a within-subjects factors. The results are presented in Fig. 2 The length Â group interaction was significant, (F(1, 28) = 18.75, p < .05): for Hebrew readers, short words elicited larger leftward bias compared with long words, (F(1, 28) = 3.31, p = .08) but, for English readers, the opposite pattern was observed with long words elicited significant larger leftward bias compared with short words, (F(1, 28) = 18.82, p < .05). There was also a significant interaction of length Â frequency, (F(1, 28) = 17.63, p < .05) which emerges from the fact that bisection performance of high frequency words was not modulated by length [F < 1]. However, bisection of low frequency words was modulated by length with the long low frequency words eliciting greater leftward bias compared with short low frequency words, (F(1, 28) = 14.48, p < .05). The three-way interaction was significant, F(1, 28) = 4.23, p < .05; further analysis revealed that, for long words, the two groups of readers behaved similarly, F < 1, with long low frequency words eliciting a larger leftward bias compared with long high frequency words. For short words, an opposite pattern was observed for English readers, F(1, 28) = 10.63, p < .05, whereas for Hebrew speakers', frequency did not modulate the bisection of short words, F < 1.
Discussion
The current experiment compared native English and Hebrew readers on the bisection of words, pseudowords and lines. Overall, the two groups of readers exhibited a leftward bias of similar magnitude when bisecting orthographic stimuli compared with solid lines, and also showed a greater leftward bias for words than for pseudowords. Moreover, there was an effect of word frequency on bisection with both groups of readers evincing a larger leftward bias for low than for high frequency words. Last, although the direction of the bias was always leftward, word length modulated bisection bias differently for Hebrew and English readers. Specifically, for typical English readers, long words were bisected further to the left compared with short words (thus replicating previous findings, Fischer, 2004) while the magnitude of the leftward bias was greater for short than for long words for the Hebrew readers. A similar pattern was observed for pseudowords. This suggest that, although there is a robust leftward bisection bias in both groups of readers, there is some influence on bisection performance that is related to the direction in which reading proceeds such that for longer words, the bias is exaggerated toward the beginning of the word (left in English, right in Hebrew). Taken together, these results challenge the Attentional Scaling Hypothesis because both Hebrew and English readers demonstrated a significant leftward bias during word bisection. There is, indeed, an influence of word frequency on bisection magnitude and bisection bias is greater for words than for lines or for pseudowords, suggesting that lexical access is implicated in bisection but, importantly, the direction of the bias holds for the two scripts, independent of reading direction. There is some influence of reading direction as the location of the initial letters does modulate the bisection magnitude with a slight pull of the bias to the location of the initial letters of the word for longer compared with shorter words. Together, these results suggest that the existing version of the Attentional Scaling hypothesis cannot account for these findings, and we offer an alternative explanation in Section 4.
Experiment 2
The results of Experiment 1 challenge the current version of the Attentional Scaling Hypothesis. In this next experiment, we test a further prediction of this account: if the word bisection bias results from attempts to access lexical representations, then we should expect to observe greater bias relative to controls when lexical processing is more difficult as in individuals who have developmental dyslexia (DD) (Milne, Nicholson, & Corballis, 2003) . Here, we examine the word bisection bias in individuals who are native Hebrew readers but who have DD. Given that the typical Hebrew readers show a leftward word bisection bias (equivalent to the English readers as above), we might also expect to see a leftward bias in these DD individuals and we expect that this should be exaggerated relative to the typical readers. We also predict an exaggerated effect of word frequency on bisection in the DD readers reflecting the further burden of activating low frequency lexical representations.
Methods
Participants
Thirty university/college students, all native Hebrew readers, participated in this experiment: a group of individuals with DD (9M, 6F) and a matched control group (9M, 6F). Mean age was 26.2, SD = 2.39 for the DD group and 23.73, SD = 2.08 for the control group. The fifteen controls were the Hebrew reading participants from Experiment 1 who returned to the lab in order to complete an additional cognitive battery of tests. All participants were right-handed. Individuals with DD were recruited by advertisements placed in centers for individuals with learning disabilities. Students were either paid 30 NIS ($$7.5) for participation in the experiment or received course credit. The study was approved by the ethics committee of the Ben-Gurion University of the Negev, and written informed consent was obtained from participants. All participants were native Hebrew speakers with no reported signs of sensory or neurological deficits/attention deficit hyperactive disorder (according to the American Psychiatric Association, 2000) and all came from middle to high socioeconomic status families. Participants with DD had a well-documented history of DD and were diagnosed as having DD during childhood. They reported substantial difficulties in acquiring reading and writing skills at school. At the time of their participation in this study, these individuals were identified as having DD by the learning disabilities centers in their institutions and had received special accommodations.
All participants completed a series of cognitive tests in order to evaluate their general intelligence (as measured by the Raven Progressive Matrices), reading abilities (Schiff & Kahta, 2009a , 2009b , verbal working memory (as measured by the Digit Span from the Wechsler Adult Intelligence Scale (Wechsler, 1997) and rapid naming (Shany, Lachman, Shalem, Bahat, & Zeiger, 2006) . The two groups did not differ on the basis of intelligence or age, but, as expected, the DD group performed more poorly than the control group on tests of reading measures, processing speed and verbal working memory (see Table 1 ). The reading achievement of the DD group was significantly below expected performance given age, cognitive ability (all scored above the 50th percentile on the Raven test) and educational opportunities, and all scored below the 50th percentile in word and non-word reading tests on either accuracy and/or speed measures.
Procedure
The DD participants completed the task exactly as described in Experiment 1 above (the data for the control participants were taken from Experiment 1).
Results
A repeated measure ANOVA was conducted with group (DD vs. Controls) as a between-subjects factor and stimulus type (words, pseudowords, and lines) as a within-subjects factor with accuracy of bisection performance as the dependent measure. The results For the control group, the average bisection performance for was À0.94 pixels (SD = 2.67) for words, À0.23 (SD = 1.78) for pseudowords and 0.40 (SD = 2.52) for lines. Performance differed significantly from accurate bisection (zero) for words, t(14) = À2.15, p < .05, but not for pseudowords t(14) = À0.501, p = 0.63, or for lines, t(14) = 0.61, p = .54. For DD Hebrew speakers, the average bisection bias was À2.43 pixels (SD = 1.83) for words, À2.18 (SD = 1.78) for pseudowords and À0.36 (SD = 2.7) for lines. Performance differed significantly from accurate bisection (zero) for words, t(14) = À5.12, p < .05 and for pseudowords, t(14) = À3.97, p < .05, but not for lines, t(14) = À0.52, p = .60.
There was also a main effect of length on bisection magnitude with shorter stimuli eliciting a larger leftward bias compared with long stimuli [F(1, 28) = 5.51, p < .05]. The length by group interaction was significant, [F(1, 28) = 10.47, p < .05]: whereas for DD group, there was no differential leftward bias as a function of length, for the typical readers a larger leftward bias was observed for short stimuli compared with long stimuli (as already described for Experiment 1). The stimulus type by length interaction was also significant such that long words and pseudowords were overall bisected further leftward compared with short words while no modulation of length was observed for lines, [F(1, 28) = 6.04, p < .05].
To explore the effect of word frequency on word bisection performance, an ANOVA with Group (Control vs. DD) as a betweensubject factor and word frequency (high, low) and length (short vs. long) as within subject factors was conducted with bisection magnitude as the dependent measure. The results are presented in Fig. 4 . As expected given the results above, there was a main effect of Group, [F(1, 28) = 5.35, p < .05], with the DD readers exhibiting a larger leftward bias compared with control Hebrew readers. The main effect of Frequency was also significant [F(1, 28) = 5.07, p < .05] with low frequency words eliciting a larger leftward bias compared with high frequency words, (low frequency: M = À2.03, SD = 0.302; high frequency: M = À1.35, SD = 0.4) but there was no interaction of frequency with group, F < 1. There was no main effect of length, F < 1, but the interaction of length by group was significant (F(1, 28) = 4.402, p < .05). Further analysis revealed that long words elicited greater leftward bias among DD Hebrew readers compared with Hebrew typical readers [F(1, 28) = 7.14, p < .05], while no group differences were observed for the bisection of short words, [F(1, 28) = 1.98, p = 0.16]. No other main effects or interactions were significant.
Discussion
The results from the current study suggest that when lexical access is difficult, as in the case of DD, a larger leftward bias in observed. This can be taken as indication for the involvement of lexical processes in word bisection. It should be noted that we did not observe an interaction between group and frequency, that is DD presented a larger leftward bias than controls, yet this was not modulated by frequency. This might indicate that the difficulty of DD to access lexical representations is similar for both high and low frequency words and produces an additive bias regardless of frequency type. In contrast, we did observe an interaction between group and length indicating a larger leftward bias for long words in DD compared with controls while no difference was observed for short words. It is possible that, in this group, long words need additional lexical processing compared with short words and thus produce greater leftward bias in DD.
General discussion
The present study was designed to examine the mechanisms that support the bisection of visual stimuli. If the stimuli to be bisected engage a visuospatial process that activates the spatial extent of the input, then the right hemisphere should be activated, resulting in a leftward bias, and this bisection bias should be equivalent for all kinds of visual stimuli (words, lines, etc.) . Our findings, as well as those from many previous studies (Arduino et al., 2010; Fischer, 1996 Fischer, , 2000b Fischer, , 2004 Veronelli, Vallar, Marinelli, Primativo, & Arduino, 2014) , however, document an exaggerated leftward bias when observers bisect words versus lines, ruling out this pure right hemisphere visuospatial account. A more tractable explanation is offered by the Attentional Scaling Hypothesis, which suggests that the exaggerated bias for words over lines results from the activation of the initial letters of the word and the ensuing lexical access -it is this activation that drives the leftward bias observed in word bisection. This account predicts that if the initial letters of a word appear on the right (as in some reading systems like Hebrew), then the bisection bias would be to the right for those readers. This account also predicts that, under conditions of increased lexical access demands, as in individual with developmental dyslexia (DD), the leftward bias should be exaggerated further. We first review our results and then present an explanation of the findings.
In the first experiment, in which participants bisected words, pseudowords and lines, we confirmed the established finding that word bisection results in greater leftward bias compared with lines, in accordance with the tenets of the Attentional Scaling Hypothesis (Fischer, 1996 (Fischer, , 2000b (Fischer, , 2004 : moreover, bisection was greater for words than for pseudowords and both had greater bisection bias than lines. Dramatically, this held true for both English and Hebrew readers, and to an equivalent extent. The leftward bias was greater for low than for high frequency words and, again, equally so for the two groups of readers. Bisection performance was modulated by length, with some differential modulation of the overall left bias in the Hebrew and English readers. In the second experiment, there was an exaggerated leftward bisection bias for words and pseudowords over lines in the DD group compared with the group of control participants. As with Experiment 1, there was greater magnitude leftward bisection for low than for high frequency words and this held equally across the DD and control groups.
While some of the findings can be accounted for by the Attentional Scaling Hypothesis (Fischer, 1996 (Fischer, , 2000b (Fischer, , 2004 , others cannot and compel an alternative account. The present results do support some aspects of the lexical activation claim: there is an exaggerated leftward bias for words (and pseudowords) over lines and the bias is greater for low than high frequency words, indicating that as lexical access increases in difficulty, so the magnitude of the bias increases. The Attentional Scaling Hypothesis also accounts for the findings that the adults with DD, who presumably have more difficulty in accessing lexical representations than typical readers, show an exaggerated word bisection bias relative to their controls.
Other aspects of the findings, however, cannot be accommodated by this account. The critical challenge to this account is that the bisection bias was leftward for both English and Hebrew readers even though the initial letters of the words (and the apparent origin of lexical access effects) are to the left and right, respectively. The performance of the two groups of readers was similar across all dimensions (words versus other visual stimuli, frequency effects) although there was some modulation of the leftward bias as a function of reading direction. Specifically, for typical English readers long words were bisected further to the left compared with short ones (thus replicating previous findings, Fischer, 2004) while the opposite pattern was observed for typical Hebrew readers, although the direction of the bias always stayed leftward. In the second experiment, we found that length did not modulate dyslexics' bisection performance. Despite the modulation of bisection bias by reading direction, both Hebrew and English readers demonstrated a clear leftward bisection bias, which strengthens the claim that the leftward bias observed in Hebrew readers is not a result of a difference in word length between the groups. Thus, despite the difference in spatial position of the initial letters of the word, Hebrew and English readers exhibited a similar leftward bias when bisecting words and this leftward bias was even exaggerated in Hebrew DD readers.
As evident, the Attentional Scaling Hypothesis can account for some but not all of the findings and although lexical access seems important, the word bisection bias appears to be subject to visuo spatial influences, as well. We, therefore, offer an interactive account that takes into consideration both visuospatial/attentional and reading/language factors as contributing to the bias in word bisection. In light of this, we suggest that the activation of both the right and the left hemispheres contributes to bisection performance. However, the relative contribution of each hemisphere depends on the nature of stimuli to be bisected. In the typical line bisection task, the right hemisphere is more involved in visuospatial processing compared with the left hemisphere, resulting in a slight leftward bias. This involvement of the right hemisphere is further enhanced during bisection tasks, which contain lexical information. When the bisection task contains lexical information, the left hemisphere is also engaged by virtue of lexical processing associated with word. Because of the engagement in lexical processing, the left hemisphere contributes less to visuospatial processing, thus leading to a greater involvement of the right hemisphere in visuo-spatial processing of the stimuli. As a result, the visuospatial representation of the stimulus is more pronounced in the right hemisphere compared with the left hemisphere, leading to an enhanced leftward bias. This leftward bias is even further exaggerated when the left hemisphere is engaged in activating low frequency words or when lexical processing is more demanding such as in the case of DD. Lexical access involves left hemisphere and as lexical access become difficult (e.g. low frequency words/ DD) and greater demands are imposed on the left hemisphere, the asymmetry between the hemispheres shifts further toward the right hemisphere (and greater leftward bias). This should happen equally for both English and Hebrew speakers as is clear from the current results. Although we do not have direct evidence for this exact dynamic interaction, it might be possible to explore it in, for example, dual task experiments where the left or right hemisphere can be differentially engaged in a second task (e.g. digit repetition) and the impact of the hemispheric effects differentially explored.
To the best of our knowledge, this is the first study that compared word bisection performance in two groups that differed in their reading direction and also in individuals with DD. Thus we were able to compare between several contrasting accounts with different predictions about the processes involved in word bisection.
Before concluding, we need to clarify one point and that concerns the perhaps surprising rightward bias we obtained in our line bisection task and this contrasts with other studies that have demonstrated leftward bias when bisecting lines (Bradshaw, Bradshaw, Nathan, Nettleton, & Wilson, 1986; Bradshaw, Nathan, Nettleton, Wilson, & Pierson, 1987; Bradshaw, Nettleton, Nathan, & Wilson, 1985) . Because we used relatively short lines compared with previous studies, this might result in the well-known crossover effect when bisecting lines (Jewell & McCourt, 2000) . Also, in a computerized line bisection task very similar to the one used here, a modest rightward bias is usually observed when bisecting lines (Dellatolas et al., 1996) .
Another issue that should be clarified is the exaggerated leftward bias observed in the DD group in the current study. A previous study demonstrated an exaggerated rightward bias during a line bisection task among DD participants, a pattern that was attributed to under functioning of the right hemisphere (Sireteanu et al., 2005) . We do note, however, that other studies have failed to replicate those findings: for example, Polikoff et al. (1995) reported a slight leftward bias among dyslexics' readers during line bisection task, and Gabay et al. (2013) reported a leftward bias in dyslexics during a line bisection task. Importantly, it is difficult to compare the current results to those of Sireteanu et al. (2005) since line and word bisection involve different cognitive processes. Along similar lines, although it has been suggested that DD may reflect some aspects of left hemispatial neglect caused by a right parietal lobe dysfunction (Buchholz & Aimola Davies, 2008; Facoetti & Molteni, 2001; Hari & Renvall, 2001; Ruffino, Gori, Boccardi, Molteni, & Facoetti, 2014; Ruffino et al., 2010) , some other studies favor an explanation of under functioning of the left hemisphere. For example, dyslexic adults show reduced left, but increased right, hemisphere activation in temporal-parietal regions during phonological processing, a pattern opposite to that observed in normal readers (Shaywitz et al., 1998) . More recent reviews of neuroimaging studies have similarly emphasized a reduction or absence of activity in left hemisphere temporoparietal cortex in dyslexic individuals during language tasks (McCrory, 2004; Temple, 2002) .
Conclusion
Surprisingly, we observed that in both Hebrew and English readers, the leftward deviation in word bisection was exaggerated relative to line and pseudoword bisection and to an equal degree across the two reading groups. We also observed an even greater leftward bias for words relative to lines in individuals with reading difficulties (developmental dyslexia) relative to their controls. These findings prompt a reconsideration of the theoretical accounts offered thus far and we have proposed an explanation that takes into account both the visuospatial and linguistic processes engaged during word bisection. Further tests of our interactive account are needed and we suggest possible empirical approaches for future investigations.
